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Abstract

Background

Nighttime ICU discharge, i.e., discharge from the ICU during the night hours, has been asso-

ciated with increased readmission rates, hospital length of stay (LOS) and in-hospital mor-

tality. We sought to determine the frequency of nighttime ICU discharge and identify

whether nighttime ICU discharge is associated with worse outcomes in a private adult ICU

located in Brazil.

Methods

Post hoc analysis of a cohort study addressing the effect of ICU readmissions on outcomes.

This retrospective, single center, propensity matched cohort study was conducted in a medi-

cal-surgical ICU located in a private tertiary care hospital in São Paulo, Brazil. Based on

time of transfer, patients were categorized into nighttime (7:00 pm to 6:59 am) and daytime

(7:00 am to 6:59 pm) ICU discharge and were propensity-score matched at a 1:2 ratio. The

primary outcome of interest was in–hospital mortality.

Results

Among 4,313 eligible patients admitted to the ICU between June 2013 and May 2015, 1,934

patients were matched at 1:2 ratio [649 (33.6%) nighttime and 1,285 (66.4%) daytime dis-

charged patients]. The median (IQR) cohort age was 66 (51–79) years and SAPS III score

was 43 (33–55). In-hospital mortality was 6.5% (42/649) in nighttime compared to 5.6% (72/

1,285) in daytime discharged patients (OR, 1.17; 95% CI, 0.79 to 1.73; p = 0.444). While

frequency of ICU readmission (OR, 0.95; 95% CI, 0.78 to 1.29; p = 0.741) and length of hos-

pital stay did not differ between the groups, length of ICU stay was lower in nighttime com-

pared to daytime ICU discharged patients [1 (1–3) days vs. 2 (1–3) days, respectively, p =

0.047].
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Conclusion

In this propensity-matched retrospective cohort study, time of ICU discharge did not affect

in-hospital mortality.

Background

Intensive care unit (ICU) beds represent an expensive and scarce resource in health care sys-

tems worldwide [1]. The demand for ICU beds has supplanted bed availability in many low [2]

and high-income countries [3, 4]. Limited ICU bed availability may contribute to premature

ICU discharge and a non-ideal treatment transition program between the ICU and the ward

[5]. Premature ICU discharge has been associated to an increased risk of unplanned ICU read-

mission and death [6]. Therefore, ICU discharge polices and critical care transition programs

constitute important elements in the routine of hospital care [7–9].

Nighttime ICU discharge, i.e., discharge from ICU during the night hours, has been associ-

ated with increased readmission rates [10–13], hospital length of stay (LOS) [11] and in-hospi-

tal mortality [13–15]. The reasons for worse outcomes among patients discharged from the

ICU during nighttime in comparison to daytime are multifactorial and not completely under-

stood [9]. Patients’ severity of illness at ICU admission and discharge [16, 17], reduced staff

levels [18], decreased nurse-to-patient ratio [19], poor surveillance after ICU discharge [20],

destination after ICU discharge (ward vs. step-down unit) [21], pressure for ICU beds leading

to premature ICU discharge of a patient to make an ICU bed available for a more acutely or

severely ill patient [5, 22], and delayed ICU discharge often due to a lack of ward beds are all

likely to contribute [23].

Yang and cols. demonstrated in a systematic review and meta-analysis of fourteen studies

conducted in adult ICUs located in north America, Europe, Australia and New Zealand that

nighttime ICU discharge was associated with a thirty percent increase in the risk of in-hospital

mortality [14]. Similar findings were recently reported by Vollam and cols. in another meta-

analysis including 1,191,178 patients from eighteen cohort studies [13]. Nevertheless, since

most of the knowledge about epidemiology of time of ICU discharge and its impact on out-

comes is restricted to developed countries, we sought to determine the frequency of nighttime

ICU discharge and identify whether nighttime ICU discharge is associated with worse out-

comes in a private adult ICU located in Brazil.

Objective

Our objective was to evaluate the effect of time of ICU discharge on in-hospital mortality and

ICU readmission rate in a tertiary care hospital. Secondary objective was to address the ques-

tion of whether the location after ICU discharge (wards or step-down unit) affects outcomes in

a pressure-free environment for ICU beds rationing and with full availability of step-down

unit beds.

Methods

The present study is a post hoc analysis of a retrospective single center cohort study that

investigated the effect of ICU readmissions on resource use, in-hospital mortality and

outcomes [15]. The original study and this post hoc analysis were approved by the Local
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Ethics Committee at Hospital Israelita Albert Einstein with waiver of informed consent

(CAAE:54065716.3.0000.0071).

Setting

This study was conducted in a private tertiary care hospital in São Paulo, Brazil, comprising

662 inpatient beds, two adult medical-surgical, open model ICUs with 44 beds in total and 91

step-down unit beds.

Patients

We included all consecutive patients aged�18 years old admitted to the ICU and discharged

alive between June 1, 2013 and May 31, 2015. Patients who died during the index ICU stay and

those with missing core data [age, gender, time of ICU discharge, ICU admission diagnosis,

Simplified Acute Physiology score (SAPS 3 score) at ICU admission [24] destination at ICU

discharge, ICU and hospital LOS and vital status at hospital discharge], were excluded (Fig 1).

Data collection and study variables

All study data were retrieved from Epimed Monitor System (Epimed Solutions, Rio de Janeiro,

Brazil), which is an electronic structured case report form where patients data are prospectively

entered by trained ICU case managers [25, 26].

Fig 1. Patient flow charge.

https://doi.org/10.1371/journal.pone.0207268.g001
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Collected variables included demographics, comorbidities, location before ICU admission,

reason for ICU admission, SAPS 3 score at ICU admission [24], time of ICU admission and

discharge, ICU admission diagnosis, supportive therapy (need for vasopressors, mechanical

ventilation, noninvasive mechanical ventilation and renal replacement therapy) at ICU admis-

sion and during index ICU stay, destination at ICU discharge, frequency of weekend ICU dis-

charge, frequency of ICU readmission, ICU and hospital LOS and in-hospital mortality.

Definitions

Based on the time of transfer, patients were categorized into daytime (7:00 am to 6:59 pm) and

nighttime (7:00 pm to 6:59 am) ICU discharge [11]. Weekend ICU discharge was defined as

any discharge from the ICU occurring between Saturday midnight and Sunday at 11:59 pm

[27]. Readmission was defined as ICU admission of a patient who had been previously admit-

ted to the ICU (index ICU admission) during the same hospitalization stay [15]. Only the first

ICU readmission was included in this analysis. In case of hospital readmissions during the

study period, only the first hospital admission was considered.

ICU and step-down unit characteristics

On-duty ICU physicians are available 24 hours a day at a rate of one intensivist per every ten

beds. There is no reduction in personnel or in ICU activities during night shifts or at week-

ends. Multidisciplinary clinical rounds involving ICU physicians, nurses, respiratory thera-

pists, nutritionists, psychologist and clinical pharmacists are performed daily. ICU admissions

are made by on-duty intensivists, whereas discharge is a consensus decision-making process

involving on-duty intensivists and the physician who will accept the patient outside the ICU.

In the step-down unit, on-duty ICU physicians are available 24 hours a day at a rate of one

intensivist per each 20 beds during day shifts and one intensivist per every 40 beds during

night shifts. There is no reduction in non-physician multidisciplinary team during night shifts

or at weekends. Multidisciplinary care involving nurses, respiratory therapists, nutritionists,

psychologist and clinical pharmacists are available 24 hours a day.

Patients are considered eligible for ICU discharge to a step-down unit when they are hemo-

dynamically, respiratory, metabolically and neurologically stable, and therefore no longer

requiring intensive care, although still demanding more care than provided at the ward. The

hospital has a 24-hour coverage by a rapid response team (RRT) led by ICU physicians who

immediately respond to ward patients experiencing acute clinical deterioration.

Outcomes

The primary outcome of interest was in-hospital mortality. Secondary outcomes included fre-

quency of ICU readmission, number of ICU readmissions, and length of ICU and hospital

stay.

Statistical analysis

Categorical variables are presented as absolute and relative frequencies. Continuous variables

are presented as median with interquartile ranges (IQR). Normality was assessed by the Kol-

mogorov-Smirnov test. Comparisons were made between nighttime and daytime ICU dis-

charge patients. Categorical variables were compared with chi-square test. Continuous

variables were compared using independent t test or Mann-Whitney U test in case of non-nor-

mal distribution. Primary outcome was assessed by unadjusted logistic regression analysis
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using daytime ICU discharge as a reference level and presented as odds ratio (OR) along with

95% confidence interval (95%CI).

Propensity scores for nighttime ICU discharge were estimated for each patient with logistic

regression using nineteen clinically relevant patient characteristics [age, gender, SAPS III

score, reason for index ICU admission, index admission source, presence of systemic hyper-

tension, diabetes mellitus, cancer, congestive heart failure, chronic obstructive pulmonary dis-

ease, chronic kidney disease and liver cirrhosis, supportive therapy during the ICU stay (need

for vasopressors, mechanical ventilation, noninvasive mechanical ventilation and renal

replacement therapy), index weekend ICU discharge, ICU LOS and destination at index ICU

discharge] [28]. Based on the propensity score weighted estimators we constructed a propen-

sity score-matched cohort. Matching was performed using nearest neighbor matching without

replacement, with each patient with a nighttime ICU discharge matched to two patients with

daytime ICU discharge. A caliper width of 0.10 of the standard deviation of the logit of the pro-

pensity score was used for the development of matching [29, 30].

Statistical tests were two-sided. A p<0.05 was considered statistically significant. Statistical

analyses were performed using IBM SPSS Statistics version 22.0 for Windows.

Results

Characteristics of studied population

Between June 1, 2013 and May 31, 2015, a total of 6,639 patients were admitted to the ICU (Fig

1). Following exclusion of 2,326 ineligible ICU admissions, 4,313 patients [650 (15.1%) night-

time ICU discharge and 3,663 (84.9%) daytime ICU discharge] were eligible for propensity

score matching, of which 1,934 patients were successfully matched (S1 and S2 Figs). Out of

those, 649 (33.6%) patients were discharged from the ICU during nighttime and 1,285 (66.4%)

patients were discharged during daytime (Fig 1). A histogram showing the distribution of

hours of ICU discharge for the study population (n = 1,934 patients) is shown in Fig 2. The

median (IQR) hospital and ICU bed occupancy rates during the study period were, respec-

tively, 86.1% (83.7%–87.1%) and 85.4% (82.6%–89.7%).

Cohort before propensity score matching

Baseline characteristics. Before propensity score matching, compared to daytime ICU

discharged patients, nighttime discharged patients had a higher [median (IQR)] SAPS III

score at index ICU admission [42 (33–55) vs. 40 (31–52), respectively for nighttime and day-

time ICU discharge; p<0.001)], were more frequently admitted due to medical reasons [399/

650 (61.4%) patients vs. 1,919/3,663 (52.4%) patients, respectively for nighttime and daytime

ICU discharge; p<0.001] and were more frequently admitted to the ICU from the emergency

department [265/650 (40.8%) patients vs. 1,278/3,663 (34.9%) patients, respectively for night-

time and daytime ICU discharge; p<0.001] (S1 Table).

Nighttime ICU discharged patients were more frequently discharged to a step-down unit

[402/650 (61.8%) patients vs. 2,091/3,663 (57.1%) patients, respectively for nighttime and day-

time ICU discharge; p<0.001] and less frequently discharged to the ward [206/650 (31.7%)

patients vs. 1,412/3,663 (38.5%), respectively for nighttime and daytime ICU discharge;

p<0.001]. Finally, the frequency of weekend ICU discharge was lower in nighttime compared

to daytime ICU discharged patients [18.9% vs. 27.3%; respectively, p<0.001) (S1 Table).

Outcomes. Before matching, hospital mortality was 6.5% (42/650 patients) in nighttime

discharged patients compared to 5.1% (187/3,663 patients) daytime discharged patients (OR,

1.28; 95% CI, 0.91 to 1.81; p = 0.156) (S2 Table). Frequency of ICU readmissions and length of
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ICU and hospital stay did not differ between nighttime and daytime ICU discharged patients

(S2 Table).

Cohort after propensity score matching

Baseline characteristics. The propensity-matched cohort had a median (IQR) age of 66

(52–79) years, 57.6% (1,114/1,934) of patients were men with a median (IQR) SAPS III score

of 43 (33–55) (Table 1). The study groups were well balanced with respect to age, gender,

SAPS III score at index ICU admission, reason for index ICU admission, admission source,

prevalence of co-morbidities, admission diagnosis and the need of supportive therapy on

index ICU admission (Table 1). Patients were more frequently discharged to a step-down unit

[1,184/1,934 (61.2%) patients)] followed by the ward [629/1,934 (32.5%) patients], with no dif-

ference between nighttime and daytime discharged patients (Table 1). The frequency of week-

end ICU discharge did not differ between nighttime and daytime ICU discharged patients

[19.0% vs. 20.1%; respectively, p = 0.557) (Table 1). Demographic characteristics of study par-

ticipants after propensity score matching according to destination at index ICU discharge are

shown in S3 Table.

Fig 2. Histogram showing the distribution of hours of intensive care unit discharge before and after propensity score matching. Grey bars

represent the cohort (n = 4,313 patients) before propensity score matching and black bars represent the cohort (n = 1,934 patients) after propensity

score matching.

https://doi.org/10.1371/journal.pone.0207268.g002
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Table 1. Baseline characteristics of study participants after propensity score matching.

Characteristics All Patients

1934 (100.0%)

Nighttime

649 (33.6%)

Daytime

1285 (66.4%)

P value

Age, years (median, IQR)� 66 (51–79) 65 (52–79) 66 (51–79) 0.679a

Men, n (%)� 1114 (57.6) 369 (56.9) 745 (58.0) 0.638b

SAPS III score (median, IQR)§� 43 (33–55) 42 (33–55) 44 (33–55) 0.696a

Reason for index ICU admission, n (%)� 0.714b

Medical 1200 (62.0) 399 (61.5) 801 (62.3)

Surgical 734 (38.0) 250 (38.5) 484 (37.7)

Admission source, n (%)� 0.970b

Operating room/procedure unit 715 (37.0) 244 (37.6) 471 (36.7)

Emergency department 792 (41.0) 265 (40.8) 527 (41.0)

Ward 223 (11.5) 71 (10.9) 152 (11.8)

Step down unit 104 (5.4) 34 (5.2) 70 (5.4)

Othersǂ 100 (5.2) 35 (5.4) 65 (5.1)

Underlying disease, n (%)

Systemic hypertension� 1037 (53.6) 338 (52.1) 699 (54.4) 0.335b

Diabetes mellitus� 589 (30.5) 194 (29.9) 395 (30.7) 0.702b

Cancer� 411 (21.3) 144 (22.2) 267 (20.8) 0.474b

Congestive heart failure� 240 (12.4) 79 (12.2) 161 (12.5) 0.822b

COPD� 166 (8.6) 58 (8.9) 108 (8.4) 0.693b

Chronic kidney disease requiring long-term dialysis 154 (8.0) 53 (8.2) 101 (7.9) 0.814b

Chronic kidney disease� 113 (5.8) 35 (5.4) 78 (6.1) 0.549b

Liver cirrhosis� 101 (5.2) 35 (5.4) 66 (5.1) 0.811b

Nonoperative admission diagnoses, n (%) 0.129b

Sepsis 546 (45.5) 190 (47.6) 356 (44.4)

Cardiovascular 196 (16.3) 72 (18.0) 124 (15.5)

Neurologic 137 (11.4) 30 (7.5) 107 (13.4)

Respiratory 105 (8.8) 37 (9.3) 68 (8.5)

Gastrointestinal 82 (6.8) 22 (5.5) 60 (7.5)

Trauma 37 (3.1) 15 (3.8) 22 (2.7)

Metabolic 43 (3.6) 16 (4.0) 27 (3.4)

Other medical diseases 34 (2.8) 11 (2.8) 23 (2.9)

Renal diseases 13 (1.1) 5 (1.3) 8 (1.0)

Hematologic 7 (0.6) 1 (0.3) 6 (0.7)

Operative admission diagnoses, n (%) 0.457b

Cardiovascular 206 (28.1) 67 (26.8) 139 (28.7)

Gastrointestinal 157 (21.4) 52 (20.8) 105 (21.7)

Orthopedic 134 (18.3) 42 (16.8) 92 (19.0)

Renal 92 (12.5) 36 (14.4) 56 (11.6)

Neurologic 71 (9.7) 24 (9.6) 47 (9.7)

Respiratory 57 (7.8) 20 (8.0) 37 (7.6)

Gynecologic 15 (2.0) 7 (2.8) 8 (1.7)

Trauma 2 (0.3) 2 (0.8) 0 (0.0)

Support at ICU admission, n (%)

Vasopressors 284 (14.7) 84 (12.9) 200 (15.6) 0.124b

Mechanical ventilation 279 (14.4) 87 (13.4) 192 (14.9) 0.364b

Noninvasive ventilation 165 (8.5) 60 (9.2) 105 (8.2) 0.425b

Renal replacement therapy 7 (0.4) 4 (0.6) 3 (0.2) 0.186b

(Continued)
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Outcomes. In-hospital mortality was 6.5% (42/649 patients) in nighttime discharged

patients compared to 5.6% (72/1,285 patients) daytime discharged patients (OR, 1.17; 95% CI,

0.79 to 1.73; p = 0.444) (Table 2). Frequency of ICU readmission was 10.5% (68/649 patients)

in nighttime and 11.0% (141/1,285 patients) in daytime ICU discharge patients (OR, 0.95; 95%

CI, 0.78 to 1.29; p = 0.741) (Table 2). The length of ICU stay [median (IQR)] was slightly lower

in nighttime [1 (1–3) days] compared to daytime [2 (1–3) days] ICU discharged patients

(p = 0.047) while the length of hospital stay did not differ between the groups (Table 2).

Outcomes according to location after ICU discharge. In-hospital mortality of patients

discharged to the ward was 2.9% (6/206 patients) in nighttime compared to 5.0% (21/423

patients) in daytime ICU discharged patients (OR, 0.57; 95% CI, 0.23 to 1.45; p = 0.233)

(Table 3). In-hospital mortality of ICU discharged patients to the step-down unit was 8.0%

(32/401 patients) in nighttime compared to 6.3% (49/783 patients) in daytime discharged

patients (OR, 1.30; 95% CI, 0.82 to 2.06; p = 0.267) (Table 3). The frequency of ICU readmis-

sion, length of ICU and hospital stay did not differ between nighttime and daytime ICU dis-

charged patients to the ward or to the step-down unit (Table 3).

Table 1. (Continued)

Characteristics All Patients

1934 (100.0%)

Nighttime

649 (33.6%)

Daytime

1285 (66.4%)

P value

Support during index ICU stay, n (%)

Vasopressors� 514 (26.6) 171 (26.3) 343 (26.7) 0.871b

Mechanical ventilation� 400 (27.7) 135 (20.8) 265 (20.6) 0.927b

Noninvasive ventilation� 462 (23.9) 156 (24.0) 306 (23.8) 0.913b

Renal replacement therapy� 190 (9.8) 66 (10.2) 124 (9.6) 0.717b

Destination at index ICU discharge, n (%)� 0.858b

Step-down unit 1184 (61.2) 401 (61.8) 783 (60.9)

Ward 629 (32.5) 206 (31.7) 423 (32.9)

Other/unknownǂ 121 (6.3) 42 (6.5) 79 (6.1)

Weekend ICU discharge, n (%)� 381 (19.7) 123 (19.0) 258 (20.1) 0.557b

Values represent median (IQR) or n (%). P values were calculated with the use of (a) Mann-Whitney U test or (b) chi-square test.

� Patients characteristics included into propensity score matching, SAPS III: simplified acute physiology score III,
§: scores on SAPS III range from 0 to 217, with higher scores indicating more severe illness and higher risk of death, COPD: chronic obstructive pulmonary disease,
ǂ: another hospital and home care,
#: home, another hospital, another ICU, hospice and home care.

https://doi.org/10.1371/journal.pone.0207268.t001

Table 2. Outcomes after propensity score matching.

Characteristics All Patients

1934 (100.0%)

Nighttime

649 (33.6%)

Daytime

1285 (66.4%)

OR (95%CI) P value

In-hospital mortality, n (%) 114 (5.9) 42 (6.5) 72 (5.6) 1.17 (0.79 to 1.73) 0.444a

ICU readmission, n (%) 209 (10.8) 68 (10.5) 141 (11.0) 0.95 (0.78 to 1.29) 0.741a

Number of ICU readmissions, median (IQR) 1 (1–1) 1 (1–1) 1 (1–2) 0.212b

Length of ICU stay (days), median (IQR)� 2 (1–3) 1 (1–3) 2 (1–3) 0.047b

Length of hospital stay (days), median (IQR) 9 (5–20) 10 (5–21) 9 (5–19) 0.440b

Values represent median (IQR) or n (%). OR: odds ratio, CI: confidence interval. P values were calculated with the use of (a) chi-square test and or (b) Mann-Whitney U

test.

� Patients characteristics included into propensity score matching,

https://doi.org/10.1371/journal.pone.0207268.t002
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Discussion

The main finding of this single center propensity-matched retrospective cohort study was that

time of ICU discharge did not affect in-hospital mortality nor the frequency of ICU readmis-

sions. Additionally, discharge facility, i.e., wards or step-down unit, did not affect in-hospital

mortality nor incidence of ICU readmissions.

In agreement with our results, Uusaro et al. reported in a large multicenter retrospective

cohort study involving 18 ICUs and 20,623 ICU discharges in Finland that “out-of-office”

hours ICU discharge, defined as those occurring from 4:00 pm to 8:00 am, was not associated

with increased in-hospital mortality (adjusted OR, 0.98; 95% CI, 0.85 to 1.13) [31]. In another

retrospective cohort study with three ICUs at Mayo Medical Center, USA, in which only 3.6%

of ICU discharges occurred during nighttime, i.e., between 7:00 pm and 6:59 am, time of ICU

discharge was not associated with increased in-hospital mortality (OR, 1.04; 95% CI, 0.64 to

1.70; p = 0.860) [11]. Nevertheless, nighttime ICU discharge was associated with an increased

rate of ICU readmission when compared to daytime ICU discharge (12.2% vs. 9.0%, respec-

tively, p = 0.027) [11]. Finally, in a large prospective, multicenter observational study involving

40 ICUs in Australia and New Zealand, time of discharge was also not associated with

increased hospital mortality [32].

In contrast, most of the previously published studies have shown that patients discharged

from the ICU to the wards at night are at a higher risk of dying in the hospital compared with

patients discharged during the day [6, 10, 16, 17, 21, 27, 33–37]. Nevertheless, Beck and cols.

demonstrated in a retrospective cohort study including nine ICUs in the UK that discharge

time was not associated with increased hospital mortality when patients are discharged to a

step-down unit [21]. In our study, approximately 60% of patients were discharged to a step-

down unit, which may have contributed to the lack of association between time of transfer and

worse outcomes.

The frequency of nighttime ICU discharge reported in literature can vary widely, ranging

from 3.6% [11] up to 35% [36]. Goldfrad et al. reported in a multicenter retrospective cohort

study with 88 ICUs in the UK a two-fold increase in the frequency of nighttime (10:00 pm to

6:59 am) ICU discharges between 1988–1990 and 1995–1998 [6]. Moreover, in this study,

Table 3. Outcomes according to time and destination of ICU discharge.

Characteristics All Patients Nighttime Daytime P value

Unit destination: Ward, n (%) 629 (100.0%) 206 (32.8%) 423 (67.2%)

In-hospital mortality, n (%) 27 (4.3) 6 (2.9) 21 (5.0) 0.233a

ICU readmission, n (%) 67 (10.7) 20 (9.7) 47 (11.1) 0.593a

Number of ICU readmissions, median (IQR) 1 (1–2) 1 (1–2) 1 (1–2) 0.688b

Weekend ICU discharge, n (%) 134 (21.3) 41 (19.9) 93 (22.0) 0.549a

Length of ICU stay (days), median (IQR) 1 (1–2) 1 (1–2) 1 (1–2) 0.051b

Length of hospital stay (days), median (IQR) 7 (4–14) 8 (4–15) 7 (4–13) 0.986b

Unit destination: Step-down unit, n (%) 1,184 (100.0%) 401 (33.9%) 783 (66.1%)

In-hospital mortality, n (%) 81 (6.8) 32 (8.0) 49 (6.3) 0.267a

ICU readmission, n (%) 135 (11.4) 44 (11.0) 91 (11.6) 0.739a

Number of ICU readmissions, median (IQR) 1 (1–1) 1 (1–1) 1 (1–1) 0.460b

Weekend ICU discharge, n (%) 220 (18.6) 74 (18.5) 146 (18.6) 0.936a

Length of ICU stay (days), median (IQR) 2 (1–4) 2 (1–4) 2 (1–4) 0.156b

Length of hospital stay (days), median (IQR) 11 (6–24) 11 (6–26) 11 (6–22) 0.502b

Values represent median (IQR) or n (%). P values were calculated with the use of (a) chi-square test or (b) Mann-Whitney U test.

https://doi.org/10.1371/journal.pone.0207268.t003
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premature ICU discharge, i.e., early ICU discharge due to shortage of ICU beds, was more

common at night than during the day (42.6% vs. 5.0%, respectively) [6]. In our study, 15.1% of

patients (650/4,313 patients) were discharged from the ICU during nighttime and the ICU and

hospital occupancy rate usually remained below 85%. We can only speculate that the reason

for nighttime ICU discharge in our study does not lie in the number of beds, but rather in the

inability of the ward to accept patients discharged from the ICU in a timely manner. Further-

more, the absence of ICU bed supply constraint and, conversely, low prevalence of premature

ICU discharge, may explain the observed lack of association between time of ICU discharge

and poor outcomes.

Our study has limitations. This was a single center study carried out in a large private ter-

tiary-care metropolitan teaching hospital located in São Paulo. Thus, our findings may nei-

ther be generalized to other ICUs in Brazil nor to other developing countries where

healthcare systems, patient’s severity of illness both at ICU admission and discharge, policies

for ICU admission and discharge, surveillance and destination after ICU discharge, and pres-

sure for ICU beds may differ considerably from our center despite the fact we included a

broad range of medical and surgical patients. Secondly, we used a propensity score design

aiming to mitigate confounding and enhance internal validity of this analysis. Nevertheless,

although a propensity score design helped to account for inherent differences in patient char-

acteristics between the groups, we cannot guarantee that it mitigates confounding completely

[28]. Finally, we did not address organ dysfunction at the time of ICU discharge. It has been

shown that residual organ dysfunction within 24 hours before ICU discharge is associated

with decreased long-term survival [38]. Therefore, residual organ dysfunction at the time of

ICU discharge might have affected decision making by intensivists regarding the time of dis-

charge and destination unit.

Conclusion

In this propensity-matched single center retrospective cohort study performed in an environ-

ment with no demand pressure for ICU beds, time of ICU discharge did not affect in-hospital

mortality nor the frequency of ICU readmissions. Further large-scale multicenter prospective

studies are needed to improve our understanding of the relationship between time of ICU dis-

charge and outcomes.
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culated with the use of (a) Mann-Whitney U test and (b) chi-square test.

(DOCX)

S2 Table. Outcomes before propensity score matching. Values represent median (IQR) or n

(%). OR: odds ratio, CI: confidence interval. P values were calculated with the use of a (a) chi-

square test and or (b) Mann-Whitney U test.

(DOCX)

S3 Table. Characteristics of study participants accordingly to the destination at index ICU

discharge. Values represent median (IQR) or n (%). SAPS III: simplified acute physiology

score III, §: scores on SAPS III range from 0 to 217, with higher scores indicating more severe

illness and higher risk of death, COPD: chronic obstructive pulmonary disease, ǂ: another hos-

pital and home care, P values were calculated with the use of (a) Mann-Whitney U test or (b)

chi-square test.

(DOCX)

Acknowledgments

We thank Helena Spalic for proofreading this manuscript.

Author Contributions

Conceptualization: Thiago Domingos Corrêa, Carolina Rodrigues Ponzoni, Roberto Rabello

Filho, Ary Serpa Neto, Renato Carneiro de Freitas Chaves, Andreia Pardini, Murillo San-

tucci Cesar Assunção, Guilherme De Paula Pinto Schettino, Danilo Teixeira Noritomi.

Data curation: Thiago Domingos Corrêa.

Formal analysis: Thiago Domingos Corrêa.

Investigation: Thiago Domingos Corrêa.

Project administration: Thiago Domingos Corrêa.

Writing – original draft: Thiago Domingos Corrêa.

Writing – review & editing: Thiago Domingos Corrêa, Carolina Rodrigues Ponzoni, Roberto

Rabello Filho, Ary Serpa Neto, Renato Carneiro de Freitas Chaves, Andreia Pardini, Murillo

Santucci Cesar Assunção, Guilherme De Paula Pinto Schettino, Danilo Teixeira Noritomi.

Nighttime intensive care unit discharge and outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0207268 December 13, 2018 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207268.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207268.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207268.s005
https://doi.org/10.1371/journal.pone.0207268


References
1. Adhikari NK, Fowler RA, Bhagwanjee S, Rubenfeld GD. Critical care and the global burden of critical ill-

ness in adults. Lancet. 2010; 376(9749):1339–46. https://doi.org/10.1016/S0140-6736(10)60446-1

PMID: 20934212

2. Murthy S, Leligdowicz A, Adhikari NK. Intensive care unit capacity in low-income countries: a systematic

review. PLoSOne. 2015; 10(1):e0116949.

3. Hill AD, Fan E, Stewart TE, Sibbald WJ, Nauenberg E, Lawless B, et al. Critical care services in Ontario:

a survey-based assessment of current and future resource needs. CanJ Anaesth. 2009; 56(4):291–7.

4. Wallace DJ, Seymour CW, Kahn JM. Hospital-Level Changes in Adult ICU Bed Supply in the United

States. Crit Care Med. 2017; 45(1):e67–e76. https://doi.org/10.1097/CCM.0000000000002051 PMID:

27661861

5. Chrusch CA, Olafson KP, McMillan PM, Roberts DE, Gray PR. High occupancy increases the risk of

early death or readmission after transfer from intensive care. Crit Care Med. 2009; 37(10):2753–8.

https://doi.org/10.1097/CCM.0b013e3181a57b0c PMID: 19707139

6. Goldfrad C, Rowan K. Consequences of discharges from intensive care at night. Lancet. 2000; 355

(9210):1138–42. https://doi.org/10.1016/S0140-6736(00)02062-6 PMID: 10791376

7. Hosein FS, Bobrovitz N, Berthelot S, Zygun D, Ghali WA, Stelfox HT. A systematic review of tools for

predicting severe adverse events following patient discharge from intensive care units. Crit Care. 2013;

17(3):R102. https://doi.org/10.1186/cc12747 PMID: 23718698

8. Niven DJ, Bastos JF, Stelfox HT. Critical care transition programs and the risk of readmission or death

after discharge from an ICU: a systematic review and meta-analysis. Crit Care Med. 2014; 42(1):179–

87. https://doi.org/10.1097/CCM.0b013e3182a272c0 PMID: 23989177

9. Nates JL, Nunnally M, Kleinpell R, Blosser S, Goldner J, Birriel B, et al. ICU Admission, Discharge, and

Triage Guidelines: A Framework to Enhance Clinical Operations, Development of Institutional Policies,

and Further Research. Crit Care Med. 2016; 44(8):1553–602. https://doi.org/10.1097/CCM.

0000000000001856 PMID: 27428118

10. Pilcher DV, Duke GJ, George C, Bailey MJ, Hart G. After-hours discharge from intensive care increases

the risk of readmission and death. Anaesth Intensive Care. 2007; 35(4):477–85. PMID: 18020063

11. Hanane T, Keegan MT, Seferian EG, Gajic O, Afessa B. The association between nighttime transfer

from the intensive care unit and patient outcome. Crit Care Med. 2008; 36(8):2232–7. https://doi.org/10.

1097/CCM.0b013e3181809ca9 PMID: 18664778

12. Ouanes I, Schwebel C, Francais A, Bruel C, Philippart F, Vesin A, et al. A model to predict short-term

death or readmission after intensive care unit discharge. J Crit Care. 2012; 27(4):422–9.

13. Vollam S, Dutton S, Lamb S, Petrinic T, Young JD, Watkinson P. Out-of-hours discharge from intensive

care, in-hospital mortality and intensive care readmission rates: a systematic review and meta-analysis.

Intensive Care Med. 2018; 44(7):1115–29. https://doi.org/10.1007/s00134-018-5245-2 PMID:

29938369

14. Yang S, Wang Z, Liu Z, Wang J, Ma L. Association between time of discharge from ICU and hospital

mortality: a systematic review and meta-analysis. Crit Care. 2016; 20(1):390. https://doi.org/10.1186/

s13054-016-1569-x PMID: 27903270

15. Ponzoni CR, Correa TD, Filho RR, Serpa NA, Assuncao MSC, Pardini A, et al. Readmission to the

Intensive Care Unit: Incidence, Risk Factors, Resource Use, and Outcomes. A Retrospective Cohort

Study. Ann Am ThoracSoc. 2017; 14(8):1312–9.

16. Laupland KB, Misset B, Souweine B, Tabah A, Azoulay E, Goldgran-Toledano D, et al. Mortality associ-

ated with timing of admission to and discharge from ICU: a retrospective cohort study. BMC Health

ServRes. 2011; 11:321.

17. Gantner D, Farley K, Bailey M, Huckson S, Hicks P, Pilcher D. Mortality related to after-hours discharge

from intensive care in Australia and New Zealand, 2005–2012. Intensive Care Med. 2014; 40

(10):1528–35. https://doi.org/10.1007/s00134-014-3438-x PMID: 25118868

18. Kajdacsy-Balla Amaral AC, Barros BS, Barros CC, Innes C, Pinto R, Rubenfeld GD. Nighttime cross-

coverage is associated with decreased intensive care unit mortality. A single-center study. Am J Respir

Crit Care Med. 2014; 189(11):1395–401. https://doi.org/10.1164/rccm.201312-2181OC PMID:

24779652

19. Aiken LH, Clarke SP, Sloane DM, Sochalski J, Silber JH. Hospital nurse staffing and patient mortality,

nurse burnout, and job dissatisfaction. JAMA. 2002; 288(16):1987–93. PMID: 12387650

20. Chaboyer W, Thalib L, Foster M, Ball C, Richards B. Predictors of adverse events in patients after dis-

charge from the intensive care unit. Am J Crit Care. 2008; 17(3):255–63. PMID: 18450682

Nighttime intensive care unit discharge and outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0207268 December 13, 2018 12 / 13

https://doi.org/10.1016/S0140-6736(10)60446-1
http://www.ncbi.nlm.nih.gov/pubmed/20934212
https://doi.org/10.1097/CCM.0000000000002051
http://www.ncbi.nlm.nih.gov/pubmed/27661861
https://doi.org/10.1097/CCM.0b013e3181a57b0c
http://www.ncbi.nlm.nih.gov/pubmed/19707139
https://doi.org/10.1016/S0140-6736(00)02062-6
http://www.ncbi.nlm.nih.gov/pubmed/10791376
https://doi.org/10.1186/cc12747
http://www.ncbi.nlm.nih.gov/pubmed/23718698
https://doi.org/10.1097/CCM.0b013e3182a272c0
http://www.ncbi.nlm.nih.gov/pubmed/23989177
https://doi.org/10.1097/CCM.0000000000001856
https://doi.org/10.1097/CCM.0000000000001856
http://www.ncbi.nlm.nih.gov/pubmed/27428118
http://www.ncbi.nlm.nih.gov/pubmed/18020063
https://doi.org/10.1097/CCM.0b013e3181809ca9
https://doi.org/10.1097/CCM.0b013e3181809ca9
http://www.ncbi.nlm.nih.gov/pubmed/18664778
https://doi.org/10.1007/s00134-018-5245-2
http://www.ncbi.nlm.nih.gov/pubmed/29938369
https://doi.org/10.1186/s13054-016-1569-x
https://doi.org/10.1186/s13054-016-1569-x
http://www.ncbi.nlm.nih.gov/pubmed/27903270
https://doi.org/10.1007/s00134-014-3438-x
http://www.ncbi.nlm.nih.gov/pubmed/25118868
https://doi.org/10.1164/rccm.201312-2181OC
http://www.ncbi.nlm.nih.gov/pubmed/24779652
http://www.ncbi.nlm.nih.gov/pubmed/12387650
http://www.ncbi.nlm.nih.gov/pubmed/18450682
https://doi.org/10.1371/journal.pone.0207268


21. Beck DH, McQuillan P, Smith GB. Waiting for the break of dawn? The effects of discharge time, dis-

charge TISS scores and discharge facility on hospital mortality after intensive care. Intensive Care Med.

2002; 28(9):1287–93. https://doi.org/10.1007/s00134-002-1412-5 PMID: 12209279

22. Rodriguez-Carvajal M, Mora D, Doblas A, Garcia M, Dominguez P, Tristancho A, et al. [Impact of the

premature discharge on hospital mortality after a stay in an intensive care unit]. Med Intensiva. 2011;

35(3):143–9. https://doi.org/10.1016/j.medin.2011.01.011 PMID: 21419522

23. Churpek MM, Wendlandt B, Zadravecz FJ, Adhikari R, Winslow C, Edelson DP. Association between

intensive care unit transfer delay and hospital mortality: A multicenter investigation. J HospMed. 2016;

11(11):757–62.

24. Moreno RP, Metnitz PG, Almeida E, Jordan B, Bauer P, Campos RA, et al. SAPS 3—From evaluation

of the patient to evaluation of the intensive care unit. Part 2: Development of a prognostic model for hos-

pital mortality at ICU admission. Intensive Care Med. 2005; 31(10):1345–55. https://doi.org/10.1007/

s00134-005-2763-5 PMID: 16132892

25. Soares M, Bozza FA, Angus DC, Japiassu AM, Viana WN, Costa R, et al. Organizational characteris-

tics, outcomes, and resource use in 78 Brazilian intensive care units: the ORCHESTRA study. Intensive

Care Med. 2015; 41(12):2149–60. https://doi.org/10.1007/s00134-015-4076-7 PMID: 26499477

26. Soares M, Bozza FA, Azevedo LC, Silva UV, Correa TD, Colombari F, et al. Effects of Organizational

Characteristics on Outcomes and Resource Use in Patients With Cancer Admitted to Intensive Care

Units. J Clin Oncol. 2016; 34(27):3315–24. https://doi.org/10.1200/JCO.2016.66.9549 PMID:

27432921

27. Laupland KB, Shahpori R, Kirkpatrick AW, Stelfox HT. Hospital mortality among adults admitted to and

discharged from intensive care on weekends and evenings. J Crit Care. 2008; 23(3):317–24. https://doi.

org/10.1016/j.jcrc.2007.09.001 PMID: 18725035

28. Austin PC. Balance diagnostics for comparing the distribution of baseline covariates between treatment

groups in propensity-score matched samples. StatMed. 2009; 28(25):3083–107.

29. Austin PC. Statistical criteria for selecting the optimal number of untreated subjects matched to each

treated subject when using many-to-one matching on the propensity score. Am J Epidemiol. 2010; 172

(9):1092–7. https://doi.org/10.1093/aje/kwq224 PMID: 20802241

30. Austin PC. Optimal caliper widths for propensity-score matching when estimating differences in means

and differences in proportions in observational studies. PharmStat. 2011; 10(2):150–61.

31. Uusaro A, Kari A, Ruokonen E. The effects of ICU admission and discharge times on mortality in Fin-

land. Intensive Care Med. 2003; 29(12):2144–8. https://doi.org/10.1007/s00134-003-2035-1 PMID:

14600808

32. Santamaria JD, Duke GJ, Pilcher DV, Cooper DJ, Moran J, Bellomo R. The timing of discharge from the

intensive care unit and subsequent mortality. A prospective, multicenter study. Am J Respir Crit Care

Med. 2015; 191(9):1033–9. https://doi.org/10.1164/rccm.201412-2208OC PMID: 25730675

33. Azevedo LC, de Souza IA, Zygun DA, Stelfox HT, Bagshaw SM. Association Between Nighttime Dis-

charge from the Intensive Care Unit and Hospital Mortality: A Multi-Center Retrospective Cohort Study.

BMC Health ServRes. 2015; 15:378.

34. Duke GJ, Green JV, Briedis JH. Night-shift discharge from intensive care unit increases the mortality-

risk of ICU survivors. Anaesth Intensive Care. 2004; 32(5):697–701. PMID: 15535498

35. Priestap FA, Martin CM. Impact of intensive care unit discharge time on patient outcome. Crit Care

Med. 2006; 34(12):2946–51. https://doi.org/10.1097/01.CCM.0000247721.97008.6F PMID: 17075364

36. Singh MY, Nayyar V, Clark PT, Kim C. Does after-hours discharge of ICU patients influence outcome?

Crit Care Resusc. 2010; 12(3):156–61. PMID: 21261572

37. Tobin AE, Santamaria JD. After-hours discharges from intensive care are associated with increased

mortality. Med J Aust. 2006; 184(7):334–7. PMID: 16584367

38. Ranzani OT, Zampieri FG, Besen BA, Azevedo LC, Park M. One-year survival and resource use after

critical illness: impact of organ failure and residual organ dysfunction in a cohort study in Brazil. Crit

Care. 2015; 19:269. https://doi.org/10.1186/s13054-015-0986-6 PMID: 26108673

Nighttime intensive care unit discharge and outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0207268 December 13, 2018 13 / 13

https://doi.org/10.1007/s00134-002-1412-5
http://www.ncbi.nlm.nih.gov/pubmed/12209279
https://doi.org/10.1016/j.medin.2011.01.011
http://www.ncbi.nlm.nih.gov/pubmed/21419522
https://doi.org/10.1007/s00134-005-2763-5
https://doi.org/10.1007/s00134-005-2763-5
http://www.ncbi.nlm.nih.gov/pubmed/16132892
https://doi.org/10.1007/s00134-015-4076-7
http://www.ncbi.nlm.nih.gov/pubmed/26499477
https://doi.org/10.1200/JCO.2016.66.9549
http://www.ncbi.nlm.nih.gov/pubmed/27432921
https://doi.org/10.1016/j.jcrc.2007.09.001
https://doi.org/10.1016/j.jcrc.2007.09.001
http://www.ncbi.nlm.nih.gov/pubmed/18725035
https://doi.org/10.1093/aje/kwq224
http://www.ncbi.nlm.nih.gov/pubmed/20802241
https://doi.org/10.1007/s00134-003-2035-1
http://www.ncbi.nlm.nih.gov/pubmed/14600808
https://doi.org/10.1164/rccm.201412-2208OC
http://www.ncbi.nlm.nih.gov/pubmed/25730675
http://www.ncbi.nlm.nih.gov/pubmed/15535498
https://doi.org/10.1097/01.CCM.0000247721.97008.6F
http://www.ncbi.nlm.nih.gov/pubmed/17075364
http://www.ncbi.nlm.nih.gov/pubmed/21261572
http://www.ncbi.nlm.nih.gov/pubmed/16584367
https://doi.org/10.1186/s13054-015-0986-6
http://www.ncbi.nlm.nih.gov/pubmed/26108673
https://doi.org/10.1371/journal.pone.0207268

